Magnetic fields present before decoupling are damped due to radiative viscosity. This energy injection affects the thermal and ionization history of the cosmic plasma. The implications for the CMB anisotropies and polarization are investigated for different parameter choices of a non helical stochastic magnetic field. Assuming a Gaussian smoothing scale determined by the magnetic damping wave number at recombination it is found that magnetic fields with present day strength less than 0.1 nG and negative magnetic spectral indices have a sizeable effect on the CMB temperature anisotropies and polarization.
I. INTRODUCTION
Magnetic fields on large scales are redshifted with the expansion of the universe. Due to the non trivial interaction of the ionized component of the baryon fluid with the rest of the cosmic plasma they suffer additional damping. This dynamics depends on the physical conditions of the universe. Before recombination baryons and photons are tightly coupled. Thomson scattering is very efficient at high temperatures and frequent scattering of photons off free electrons ensures the strong coupling of the baryon and photon fluids. As the temperature falls Thomson scattering becomes less effective, the two fluids start decoupling introducing photon viscosity in the dynamics of the baryon fluid. Photons start diffusing and free streaming thereby dragging the baryons out of the gravitational potential wells. This leads to a damping of the density perturbation spectrum on scales below the photon diffusion scale, the Silk scale [1, 2] .
Cosmic magnetic fields present before decoupling are tied to the completely ionized baryon fluid.
Thus prior to decoupling radiative viscosity leads to damping of magnetic fields on small scales.
However, contrary to perturbations in a non magnetized plasma magnetic fields survive damping down to scales shorter than the Silk scale. Perturbations in a magnetized plasma comprise of three different modes which are the slow and fast magnetosonic modes and the Alfvén mode. Whereas the first two are compressional the latter is not. As shown in [3, 4] slow magnetosonic modes and Alfvén modes enter an overdamped regime thereby surviving damping beyond the Silk scale. On the other hand, fast magnetosonic waves are damped at the Silk scale.
After decoupling radiative viscosity rapidly becomes suppressed and MHD turbulence can develop. Nonlinear interaction between different scales leads to decay of MHD turbulence and dissipation of the magnetic field energy. Inverse cascade transfers energy from small to large scales.
This has been observed in numerical simulations for helical magnetic fields and recently also for non helical ones [5] [6] [7] . Even after recombination matter is not completely neutral, but rather there is a small fraction of matter which remains ionized. This leads to plasma drift 1 caused by different velocities for the neutrals and ions in a magnetized plasma. The resulting friction force between the two components is of the order of the Lorentz term resulting in damping of the magnetic field.
The energy liberated by the damping of the cosmic magnetic field leads, on the one hand, to heating of matter, and, on the other hand, to spectral distortions of the photon spectrum. The resulting spectral distortions of the cosmic microwave background (CMB) have been calculated in the pre- [10, 11] as well as the post-recombination [11] [12] [13] era. In [14] [15] [16] the effects on the CMB temperature anisotropies and polarization due to the change in the thermal evolution in the post recombination universe have been studied. In this case the evolution of the matter temperature receives two additional source functions due to the dissipation of magnetic energy by decaying MHD turbulence as well as plasma drift. The former being important for large values of redshift close to decoupling and the latter being dominant in the more recent universe.
Here the effect of magnetic field dissipation in the pre-recombination universe on the CMB temperature anisotropies and polarization is considered. In section II the corresponding angular power spectra are calculated considering the adiabatic, primordial curvature mode in the presence of the modified thermal and hence ionization history. It is known that magnetic fields also contribute to the final temperature anisotropies and polarization (e.g. [17] [18] [19] [20] ). However, for the values of the magnetic field strengths considered here, these contributions can be neglected as a first approximation. In section III our conclusions are presented.
II. INCLUDING MAGNETIC FIELD DISSIPATION IN THE PRE-RECOMBINATION UNIVERSE
In [11] the induced CMB spectral distortions in the pre-recombination universe have been calculated and we follow that description here. The magnetic field is assumed to be a non-helical, Gaussian random field determined by its two-point function in Fourier space given by
where the power spectrum, P B (k), is assumed to be a power law, P B (k) = A B k n B , with the amplitude, A B , and the spectral index, n B . The ensemble average energy density of the magnetic field is defined using a Gaussian window function so that
where k c is a certain Gaussian smoothing scale and a "0" refers to the present epoch. It is convenient to express the magnetic field power spectrum in terms of ρ B,0 yielding
n B = 3 corresponds to the scale-invariant case for which the contribution to the energy density per logarithmic wavenumber is independent of wave number. The spectral index depends on the details of the generation mechanism of the magnetic field. Whereas inflationary produced magnetic fields generally have negative spectral indices [21] those generated by causal processes such as during the electroweak phase transition [22] [23] [24] [25] [26] [27] [28] have positive values. Moreover it was shown in [29] that in the latter case they have to be an even integer with n B ≥ 2.
The volume energy injection rate due to damping of magnetosonic and Alfvén waves is deter-
where the comoving magnetic energy density is calculated setting the smoothing scale to be the damping scale k d leading to [11] 
This yields the volume energy injection rate 
where α is given by
for fast, slow magnetosonic (ms) modes and Alfvén (A) modes. In the following the angle between the wave vector and the magnetic field vector, θ, will be ignored, hence cos θ = 1. Including polarization the photon diffusion scale is given by [2] k −2
The baryon-to-photon density ratio, R, is given by R =
ργ andτ is the differential optical depth. The photon diffusion scale upto recombination can be approximated in terms of the hypergeometric function F (α, β; γ; z) (for more details see the appendix A). The explicit form depends on the value of the redshift, i.e. if it is bigger or smaller than some redshift z * at which the approximate form of the differential optical redshift changes. For the WMAP 9 best-fit parameters z * ≃ 1486.57 [11, 30] .
and for z dec < z < z * by The approximate solution together with the numerical solution is shown in figure 1 . Assuming equipartition of energy in the three magnetic modes the matter heating rate receives a factor 2 3 if only the dominant part due to the dissipation of slow magnetosonic and Alfvén modes is considered [11] . Moreover, there is an additional factor of 2 3 taking into account that not all of the injected energy goes into heating but rather 1 3 of it causes spectral distortions [31] [32] [33] . Thus the electron temperature evolves asṪ 11) where the heating rate Γ = 4 9Q is calculated including the contributions from slow magnetosonic and Alfvén modes. Using in equation (2.5) the corresponding expression for the damping scale from equations (2.6) and (2.7) together with (2.9) and (2.10) allows to determine the effect of magnetic field dissipation before recombination on the thermal and ionization history as well as the angular power spectra of the CMB anisotropies of the temperature and polarization. The Gaussian smoothing scale is set to the magnetic damping wave number at decoupling k c = k d,dec where
Mpc −1 for the best-fit ΛCDM model for the WMAP 9-year data only [11, 30] . The reduced width of the surface of last scattering leads to a shift of the peaks (cf. figure 3) .
The WMAP 9 year temperature data (cf. figure 3 (upper left panel) ) indicate that for the chosen spectral indices the magnetic field amplitude has to be constrained to be less than of order of 10 −3 nG. However, the precise values can only be determined with a full numerical parameter estimation and polarization E-mode for different choices of the magnetic field parameters. The Gaussian smoothing scale is determined by the maximal damping wave number at decoupling, namely, k c = k d,dec . Cosmological parameters are set to the best fit values of the WMAP 9 year only data [30] . For the temperature autocorrelation function the 9-year data of WMAP are included [39] .
which is currently under investigation [40] .
III. CONCLUSIONS
We have investigated the effect of magnetic field dissipation before recombination on the thermal and ionization history of the universe. This affects the CMB angular power spectrum of temperature anisotropies and polarization. The magnetic field dissipation before recombination is complementary to the decaying MHD turbulence and plasma drift which take place in the nearly neutral, post recombination universe. The dissipation of magnetic fields before recombination also leads to spectral distortions of the CMB. For redshifts between 2 × 10 6 and 5 × 10 4 this leads to µ distortion. In [11] it was found that the COBE/FIRAS limit on |µ| < 9 × 10 −5 [41] for the choice of Gaussian smoothing scale used here constrains the magnetic field amplitude to be B 0 < 1.6 nG for n B = −2.9, B 0 < 1.0 nG for n B = −2.5 and B 0 < 0.1 nG for n B = −1.5. The projected PIXIE limit |µ| < 9 × 10 −8 [42] results in stronger constraints, namely, B 0 < 1.0 nG for n B = −2.9, B 0 < 0.1 nG for n B = −2.5 and B 0 < 10 −3 nG for n B = −1.5. For the latter the constraint on the magnetic field amplitude is comparable to what is imposed by the observed spectrum of CMB temperature anisotropies (cf. figure 3 (upper left panel) ). However, in the other two cases these constraints are less stringent by several orders of magnitude. For the choice of parameters used here the magnetic field parameters are quite strongly constrained when comparing with the WMAP 9 year temperature data [40] . These constraints are stronger than from the corresponding constraint on the µ type spectral distortion for the projected PIXIE limits. This is similar to what is found in the case of the constraints on dark matter annihilation from the CMB and from spectral distortions from COBE/FIRAS [43] . For redshifts below 5 × 10 4 spectral distortions generated by energy injection lead to y-type distortions. However, since there are several sources in the post recombination universe of y-type distortions it is more difficult to disentangle those from magnetic field dissipation. The photon diffusion scale is given by [2] 
For the best-fit parameters of the WMAP 9-year data only [30] , x e calculated using the expression (A.2) is larger than one for z > z * ≃ 1486.57 [11] . Thus, the differential optical depth is given by eq. (A.2) for z dec < z < z * and byτ = n e σ T a a 0 for z ≥ z * . Thus in the two regimes the photon diffusion scale is given by 
